Introduction
============

Ovarian cancer is a common clinical type of gynecological malignant tumor, with a poor prognosis and high mortality. Its concrete etiological factors are unknown, but may be associated with age, procreation, living environment, and emotional factors ([@b1-ol-0-0-4414]). In recent years, morbidity of ovarian cancer has been on the increase. At present, the main treatment method of ovarian cancer is surgery, but due to effusion in the patients\' abdomen, which have biological behaviors of implantation and metastasis, chemotherapy is often used as an adjunctive therapy ([@b2-ol-0-0-4414]). When the patients of ovarian cancer seek medical assistance, the tumors are already at an advanced stage. The recurrence rate of patients who udnergo initial treatment is high, and the median survival time is approximately 1--2 years after recurrence ([@b3-ol-0-0-4414]).

The present study aimed to examine the short-term curative effect and safety of combining docetaxel, a type of second-line agent in chemotherapy, as well as hyperthermic intraperitoneal perfusion with cisplatin and thermotherapy for the treatment of patients with advanced ovarian cancer. A total of 112 cases of patients with advanced (stage III--IV) ovarian cancer were examined between October 2014 and December 2015 and comparisons were made of the results yielded.

Materials and methods
=====================

### Clinical information

One-hundred and twelve patients with advanced (stage III--IV) ovarian cancer were admitted to the The Third Xiangya Hospital of Central South University between October 2014 and December 2015. Ovarian cancer was confirmed by clinical diagnosis. The patient age range was 32--74 years, with an average age of 52.5±4.6 years. According to FIGO staging criteria, there were 70 cases of stage III, 42 cases of stage IV, 60 cases of serous adenocarcinoma, 22 cases of mucinous carcinoma, 16 cases of endometrioid adenocarcinoma and 14 cases of clear cell carcinoma.

The study subjects who were selected could not undergo surgery, or had recurrence of localized tumor after treatment. CA125 index was elevated, while the routine blood test and hepatic and renal function indices were normal. All 112 cases were confirmed by pathology. The patients were randomly divided into the study and control groups (n=56 cases per group). Patient characteristics of the two groups are shown in [Table I](#tI-ol-0-0-4414){ref-type="table"}.

### Methods

A new method was used of combining docetaxel and hyperthermic intraperitoneal perfusion with cisplatin in the control group. Briefly, i) docetaxel venous chemotherapy: all 112 cases received 75 mg/m^2^ docetaxel, injection of 5 mg dexamethasone (Beyotime Institute of Biotechnology, Shanghai, China) intravenously one day prior to chemotherapy, and administered dexamethasone, and palonosetron (Beyotime Institute of Biotechnology) 30 min prior to chemotherapy. This was followed by 30 mg docetaxel injectable powder in 100 ml 5% glucose as an intravenous drip and the patient was observed. If there was no paradoxical reaction, 500 ml 5% glucose was added into margin. Severe hypersensitivity reaction was then observed. During the process of intravenous drip, changes of the vital index were monitored closely; and ii) hyperthermic intraperitoneal perfusion with cisplatin: the manner in which abdominocentesis was carried out was dependent on the patient\'s weight. The patients of medium or lighter weight were punctured at the McBurney\'s point directly, while overweight or obese patients or who had ascites were given abdominal indwelling catheter and catheterization under the guidance of b-sonography when necessary. The patients with ascites were required to shed them as much as possible before peritoneal perfusion. Then, 60 mg cisplatin was added to 1,500-2,000 ml physiological saline, and the drip was quickly inserted into the abdominal cavity. The drip was fixed to ensure it was unobstructed, avoiding outleakage of medical liquid, and patient responses were observed. Patients were assisted to alternate posture following perfusion in order that the medical liquid mix sufficiently entered the abdominal cavity.

The combined docetaxel intraperitoneal chemotherapy and BR-TRG-I hyperthermic perfusion intraperitoneal treatment system was used to carry out hyperthermic intraperitoneal perfusion with cisplatin in the study group: i) Docetaxel intraperitoneal chemotherapy was performed in the same way as the control group; ii) BR-TRG-I hyperthermic perfusion intraperitoneal treatment system to carry out hyperthermic intraperitoneal perfusion with cisplatin: during the operation, four abdominal drain tubes were placed in the hepatic zones, spleen, left and right pelvic cavity, respectively. At the beginning of chemotherapy, the patients were in a supine position. Subsequently, 1,500 ml physiological saline and cisplatin were diluted in 500 ml physiological saline, and connect with BR-TRG-I hyperthermic perfusion intraperitoneal treatment system. Interfaces of the approach and outlet of external circulation were connected with two drain tubes, respectively. The outlet was closed and collateral circuIation was initiated. When the temperature reached 37°C, the valve of the outlet was opened, and when the temperature was steady at 43°C, cycles of perfusion were carried out for 60 min. Based on the flow speed of the ascites, the speed of the pumping fluid was adjusted in the abdominal cavity, and its general speed was 400--500 ml/min. Perfusate (800--1,000 ml) was left in the abdominal cavity after perfusion was finished. Cisplatin at a dose of 80--100 mg/m^2^. Based on tolerance and drainage tube patency, the patients were divided equally into groups that had hyperthermic intraperitoneal perfusion 1--3 times, once every other day.

### Curative effect valuation standard

#### Tumor responses

Evaluation standard of RECIST solid tumor was used to divide tumor responses of patients following treatment into validity and invalidity ([@b4-ol-0-0-4414]).

#### Control of ascites

According to the WHO evaluation criteria of clinical effects regarding non-measurable lesions of malignant tumor, we divided the levels of control ascites of patients following treatment into validity and invalidity ([@b5-ol-0-0-4414]).

According to changes of CA125 of patients after treatment, the clinical curative effects of patients were divided and discriminant criteria of prognosis into validity, stability and invalidity were considered ([@b6-ol-0-0-4414]).

#### Short-term curative effect

According to the standard evaluation of malignant tumors following treatment based on WHO, the short-term curative effects of patients in the present study were classified as complete remission, partial remission, stability and in progress. Complete remission and partial remission combined were judged as the total effective rate of short-term treatment ([@b7-ol-0-0-4414]).

#### Toxicity

The toxicological evaluation was performed according to grading criteria regarding the reaction of anticancer drugs established by WHO ([@b8-ol-0-0-4414]).

#### Adverse reaction

The occurrence of nausea, vomit, anemia, leukocytosis, neurotoxicity and other adverse reactions of patients was observed during treatment.

#### Statistical analysis

Data were statistically analyzed using using SPSS 21.0 software (IBM, Chicago, USA). Comparisons among groups were carried out using the Student\'s t-test. α=0.05 was a significant test level. P\<0.05 indicated statistically significant results.

Results
=======

### Comparisons of control of ascites, tumor responses and CA125 of patients in the two groups

Following treatment, the ascites control, tumor response and CA125 descent rates of patients in the study group were improved compared to the control group (P\<0.05) ([Table II](#tII-ol-0-0-4414){ref-type="table"}).

### Comparisons of short-term curative effect in the two groups

The total effective rate of the short-term treatment of patients in the study group was 87.5%, while that in the control group was 62.5%. Differences between the two groups were statistically significant (P\<0.05) ([Table III](#tIII-ol-0-0-4414){ref-type="table"}).

### Comparisons of toxicity and adverse reaction of patients in the two groups

The rate of nausea, vomit, anemia, leukopenia neurotoxicity and other adverse reactions in the study group was 39.3%, and the grade of toxicity was from grade I to grade II, while that of the control group was 55.4%, and grade of toxicity was from grade II to III. The differences between the two groups was statistically significant (P\<0.05) ([Table IV](#tIV-ol-0-0-4414){ref-type="table"}).

Discussion
==========

Ovarian cancer is a type of gynecological malignant tumor with a high mortality rate ([@b1-ol-0-0-4414]). As the disease does not exhibit specific clinical manifestations, most patients may be at an advanced stage (III to IV) when symptoms become evident leading to loss of treatment time. Thus, the rate of successful treatment is extremely low and only palliative chemotherapy may be utilized to control conditions, relieve or improve patient symptoms, promote life quality as much as possible and prolong survival times.

For advanced ovarian cancer, the standard treatment clinically remains carcinoma cytoreductive surgery followed by intraperitoneal chemotherapy with a combinatorial treatment of platinum and paclitaxel ([@b3-ol-0-0-4414]).

However, not all patients with advanced ovarian cancer achieve satisfactory clinical results following cytoreductive surgery, and most patients have poor long-term curative effect. Previous studies have shown that dissemination and transfer of ovarian cancer which occur easily are usually biological characteristics that are limited in the abdominopelvic cavity of patients ([@b9-ol-0-0-4414]). Consequently, intraperitoneal chemotherapy has gradually become a therapeutic approach that is favored by patients with advanced ovarian cancer.

Docetaxel is a type of first-line chemotherapeutic agent that has become widely used. The mechanisms of docetaxel in the treatment of tumors involve the enhancement of tubulin polymerization with the simultaneous inhibition of microtubule depolymerization, and the formation of stable non-functional microtubules that obstruct tumor cell mitosis, leading to an antitumor effect ([@b10-ol-0-0-4414]).

Previous findings have shown that the concentration of docetaxel is 3-fold that of paclitaxel in tumor cells, and lasts a longer period of time as compared to paclitaxel ([@b10-ol-0-0-4414]). Thus, compared to paclitaxel, docetaxel has a higher antitumor activity. In addition, the total effective rate for treating ovarian cancer is 73% when using 75 mg/m^2^ docetaxel and carboplatin with AUC of 5, and the median survival time of patients following treatment is 18 months, while the overall survival time reaches 24.2 months ([@b11-ol-0-0-4414]). In a study by Diéras *et al*, patients with advanced ovarian cancer (stage III to IV) underwent cytoreductive surgery, and were administered chemotherapy using 75 mg/m^2^ docetaxel and 75 mg/m^2^ carboplatin, leading to a total effective rate of 58% ([@b12-ol-0-0-4414]). Thus, docetaxel and carboplatin are effective in the treatment of advanced ovarian cancer and can be used as first-line treatment in clinical chemotherapy of patients with advanced ovarian cancer.

The treatment effect of abdominal malignant tumor is closely associated with peritoneal metastasis. By controlling peritoneal metastasis, the long-term survival rate of patients can be prolonged and their quality of life can be improved effectively ([@b13-ol-0-0-4414]). How to control the peritoneal metastasis of patients with abdominal malignant tumor effectively is an important issue, and a challenge regarding the clinical treatment of tumor. In addition, intraperitoneal hyperthermic perfusion chemotherapy is applied after abdominal cavity malignant tumor surgery, which eliminates the subclinical lesions of patients following treatment, removes malignant ascites effectively and prolongs the 5-year survival of patients with advanced ovarian and gastric cancer, which may lead to abdominal cavity implantation metastasis ([@b14-ol-0-0-4414]). The effective rate of the clinical treatment of malignant ascites can reach 90%.

The clinical application and promotion of intraperitoneal hyperthermic perfusion chemotherapy has been employed in certain medical institutions in America and Spain, France, Italy and Britain as the standard treatment clinically for abdomen malignant tumor. Australia has also promoted the development of intraperitoneal hyperthermic perfusion chemotherapy ([@b15-ol-0-0-4414]--[@b17-ol-0-0-4414]).

In China intraperitoneal hyperthermic perfusion chemotherapy has been used in the treatment of abdomen malignant tumor as well as advanced ovarian cancer (since 2004), with good results ([@b18-ol-0-0-4414]). The present findings have shown that the total effective rate of patients with advanced ovarian cancer in the study group was 87.5%, while that in the control group was 62.5%. The differences between the two groups were statistically significant (P\<0.05).

In general, medical therapy units in China that carry out intraperitoneal hyperthermic perfusion chemotherapy are in the primary stage, medical technology requires improvement, manufacturing technology of medical equipment is difficult, accuracy of temperature control is not high, and perfusion speed of peritoneal cavity fluid is not steady, making it difficult to achieve optimal curative effect of intraperitoneal hyperthermic perfusion chemotherapy ([@b18-ol-0-0-4414]). The BR-TRG-I hyperthermic perfusion intraperitoneal treatment system, used by our hospital, has high accuracy, its temperature measurement accuracy and temperature controlling precision can reach ±0.1 and ±0.2°C, respectively, and perfusion speed is more stable, and is within 5% accuracy. It is arguable that automatic control technique of this system is comparable to an international advanced level and can provide good protection insurance of medical equipment for patients with advanced ovarian cancer ([@b18-ol-0-0-4414]).

Localized temperature a patient\'s abdominal cavity can reach 43°C following treatment of intraperitoneal hyperthermic perfusion chemotherapy. Tumor cells are damaged irreversibly under conditions of high temperatures (43°C) that last 1 h ([@b18-ol-0-0-4414]). After heating, the pH value of tumor tissues may decrease, leading to dyspoiesis of nucleic acid *in vivo*, which promotes tumor cell apoptosis. However, normal tissues of the human body are not affected by high temperatures of 43°C. Generally, normal tissues can tolerate high temperature conditions of 47°C for \>1 h ([@b19-ol-0-0-4414]).

Thus, intraperitoneal hyperthermic perfusion chemotherapy can kill cancer cells selectively, but does not affect normal tissues of the human body. Compared with traditional intravenous chemotherapy, the administration route of intraperitoneal chemotherapy also improves the concentration of anticarcinogens in the abdominal cavity and improves the time of direct reaction between anticarcinogens and tumor cells ([@b18-ol-0-0-4414]). At the same time, because anticarcinogen reflows to the hepatic system through the portal vein system and enters the systemic circulation after hepatic metabolism, it has few systemic side effects for patients.

Cisplatin belongs to typical drugs of intraperitoneal chemotherapy and clinical antitumor drugs of first-generation platinum ([@b12-ol-0-0-4414]). This drug mainly acts on purines and the pyrimidine base of DNA in the human body. It can constitute the interlocking of intrachain and interchain DNA in human body which damages DNA functions, obstructs DNA replication and inhibits DNA to synthesize effectively. A high concentration of cisplatin can also obstruct synthesis of RNA and protein ([@b12-ol-0-0-4414]). Effective concentration of cisplatin in the human body has a lasting effect, and can be maintain over a long period of time *in vivo* ([@b12-ol-0-0-4414]). It has difficulty of passing the barrier of peritoneum, thus, the concentration of cisplatin in peritoneum is higher than that of plasma.

Cisplatin is a type of antineoplastic clinical drug without threshold effect ([@b20-ol-0-0-4414]). Heat treatment can promote the combination of DNA of human cells and cisplatin, which allows the concentration of cisplatin reaching tumor cells to increase and inhibits the restoration of cells to themselves after cisplatin drug acts on the tumor cells.

A combination of cisplatin and heat treatment has synergistic effects. Thus, cisplatin is an optimal anticancer drug for intraperitoneal hyperthermic perfusion ([@b12-ol-0-0-4414]). The present study used cisplatin as an anticancer drug for intraperitoneal hyperthermic perfusion. The results obtained showed that the rate of adverse reactions in the study group was 39.3% and the grade of toxicity was from grade I to II, while the rate of adverse reactions in the control group was 55.4% and the grade of toxicity was from II to III. The differences between the two groups were statistically significant (P\<0.05). Thus, a combination of docetaxel intraperitoneal chemotherapy and BR-TRG-I hyperthermic perfusion intraperitoneal treatment system to carry out hyperthermic intraperitoneal perfusion with cisplatin while treating patients with advanced ovarian cancer has low toxicity and little adverse reactions.

Malignant ascites is a common and main complication of patients with advanced ovarian cancer. Once this complication occurs, it induces renal failure, leading to blockage of cardiopulmonary functions, seriously affecting survival and quality of life for patients, which deteriorates the conditions of patients to a large extent ([@b15-ol-0-0-4414]).

The majority of treatments for malignant effusion involved repeated paracentesis. Although this treatment rapidly relieves the symptoms of patients, ascites in the abdominal cavity gather together rapidly and form a vicious circle, which leads to ineffective treatment and accelerates mortality ([@b15-ol-0-0-4414]).

Use of BR-TRG-I hyperthermic perfusion intraperitoneal treatment system to carry out hyperthermic intraperitoneal perfusion with cisplatin while treating, which can effectively reduce the accumulation of ascites in the abdominal cavity of patients, resulting in the treatment of malignant ascites is considerable. The control rate of hydrothorax and ascites can be improved by hyperthermic perfusion and the control level can reach 80% ([@b21-ol-0-0-4414]). The results of the present study have shown that the ascites control and tumor response rates in the study group were improved as compared to the control group (P\<0.05), confirming that it is effective and practical to utilize BR-TRG-I hyperthermic perfusion intraperitoneal treatment system to carry out hyperthermic intraperitoneal perfusion with cisplatin while treating patients with advanced ovarian cancer accompanied with ascites.

CA125 belongs to the glycoprotein antigens. It is an important ovarian cancer-associated antigen used to diagnose ovarian cancer and evaluate the clinical effects of ovarian cancer ([@b22-ol-0-0-4414]). Our findings have shown that the CA125 descent rate of patients in the study group was better than that of the control group (P\<0.05). Thus, use of BR-TRG-I hyperthermic perfusion intraperitoneal treatment system to carry out hyperthermic intraperitoneal perfusion with cisplatin while treating patietns with advanced ovarian cancer can decrease level of CA125 effectively.

In conclusion, the combination of docetaxel, hyperthermic intraperitoneal perfusion with cisplatin and thermotherapy while treating patients with advanced ovarian cancer clinically can improve the short-term curative effect of patients and relief toxicity of patients. Clinically, patients can be administered hyperthermic perfusion 1--3 times for each treatment, and increased treatment times indicate that the short-term curative effect of advanced ovarian cancer is likely to be improved. Since 2014, our hospital has employed intraperitoneal hyperthermic perfusion chemotherapy to carry out hyperthermic intraperitoneal perfusion with cisplatin. The results suggest that 3- and 5-year survival time of the subjects require follow-up observation. A limitation of the study was that the sample size was small. Thus, large-scale investigations are needed to conduct prospective clinical studies to verify the results obtained in the present study.

###### 

Patient characteristics of the two groups.

  Characteristics                 Study group (n=56)   Control group (n=56)
  ------------------------------- -------------------- ----------------------
  Staging criteria of FIGO                             
    Stage III                     35                   35
    Stage IV                      21                   21
  Pathology                                            
    Serous adenocarcinoma         30                   30
    Mucinous carcinoma            11                   11
    Endometrioid adenocarcinoma   8                    8
    Clear-cell carcinoma          7                    7
  Ascites                                              
    Yes                           27                   29
    No                            29                   27
  CA125                                                
    Increase                      53                   52
    Normal                        3                    4
  Localized tumor                                      
    Yes                           30                   31
    No                            26                   25

###### 

Comparisons of control of ascites, tumor responses and CA125 of patients in the two groups \[case (%)\].

                            Study group   Control group                       
  ------------------------- ------------- --------------- ---- -------------- --------
  Ascites controlled rate   21            21/27 (77.8)    17   17/29 (58.6)   \<0.05
  Tumor response rate       22            22/30 (73.3)    14   14/31 (45.2)   \<0.05
  CA125 descent rate        45            45/53 (84.9)    33   33/52 (63.5)   \<0.05

###### 

Comparisons of short-term curative effect in the two groups \[case (%)\].

  Group            Complete remission   Partial remission   Stability   In progress   Total effective rate
  ---------------- -------------------- ------------------- ----------- ------------- --------------------------------------------------------
  Study (n=56)     33 (58.9)            16 (28.6)           4 (7.1)     3 (5.4)       49 (87.5)^[a](#tfn1-ol-0-0-4414){ref-type="table-fn"}^
  Control (n=56)   21 (37.5)            14 (25)             12 (21.4)   9 (16.1)      35 (62.5)

Compared with control group, P\<0.05.

###### 

Comparisons of toxicity and adverse reaction of patients in the two groups.

  Group            Grade of toxicity   Nausea/vomit n (%)   Anemia n (%)   Leukopenia n (%)   Neurotoxicity n (%)   Total adverse reaction rate, n (%)
  ---------------- ------------------- -------------------- -------------- ------------------ --------------------- --------------------------------------------------------
  Study (n=56)       0                 0 (0)                0 (0)          0 (0)              0 (0)                 0 (0)
                     I                 3 (5.4)              6 (10.7)       2 (3.6)            1 (1.8)               
                     II                4 (7.1)              3 (5.4)        2 (3.6)            0 (0)                 
                     III               0 (0)                0 (0)          0 (0)              0 (0)                 
                     IV                0 (0)                0 (0)          0 (0)              0 (0)                 
  Total                                7 (12.5)             9 (16.1)       5 (8.9)            1 (1.8)               22 (39.3)^[a](#tfn2-ol-0-0-4414){ref-type="table-fn"}^
  Control (n=56)     0                 0 (0)                0 (0)          0 (0)              0 (0)                 0 (0)
                     I                 0 (0)                0 (0)          0 (0)              0 (0)                 
                     II                2 (3.6)              2 (3.6)        3 (5.4)            3 (5.4)               10 (17.9)
                     III               5 (8.9)              6 (10.7)       6 (10.7)           4 (7.1)               21 (37.5)
                     IV                0 (0)                0 (0)          0 (0)              0 (0)                 0 (0)
  Total                                7 (12.5)             8 (14.3)       9 (16.1)           7 (12.5)              31 (55.4)

Compared with control group, P\<0.05.
